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SYSTEMS AND METHODS FOR of host identifier data elements , and write a corresponding 
CONFIGURING A DATA STORAGE DEVICE one of the plurality of device configuration data elements to 

the data storage device operating parameter . 
BACKGROUND OF THE DISCLOSURE In another embodiment , a data storage device includes a 

5 controller that includes a custom configuration memory 
Field of the Disclosure configured to configure non - native functionality of the data 

storage device , where the controller is configured to receive 
Embodiments of the present disclosure generally relate to a customer identifier from a host . The data storage device 

a data storage device , and more particularly to configuration further includes a database that includes a plurality of 
of a data storage device . customer identifier data elements and a plurality of custom 

configuration data elements defining non - native functional Description of the Related Art ity of the data storage device , where each of the plurality of 
Upon the manufacture of a data storage device , each custom configuration data elements corresponding to a 

device is provided with a default configuration . In order to 15 respective one of the plurality of customer identifier data 
prepare the device for sale to a particular customer , the elements . The controller is further configured to obtain the 
device is typically configured for that customer's needs , that customer identifier from the host , match the customer iden 
depend upon host systems sold by that customer ( i.e. , an tifier to one of the plurality of customer identifier data 
OEM customer ) , or in the case of the retail customer , a elements , and write a corresponding one of the plurality of 
generic configuration . The configuration can comprise two 20 non - native configuration data elements to the custom con 
types of configuration , a “ quirk ' configuration that adjusts figuration memory . 
native operating parameters of the storage device relative to In another embodiment , a data storage device includes a 
a host computer system in which the storage device is data base that includes a plurality of host identifier data 
installed , and a “ persona ’ that configures the device with elements , a plurality of customer identifier data elements , a 
additional functionality beyond native operating parameters . 25 plurality of custom configuration data elements , each of the 
Personas can include custom functionality such as use of an plurality of custom configuration data elements correspond 
opcode in a particular manner , power loss notification , QoS ing to a respective one of the plurality of customer identifier 
requirements , thermal thresholds that are not standard for a data elements , and a plurality of operating parameter con 
device , timeout values , and the like , typically relevant to a figuration data elements , each of the plurality of operating 
particular OEM customer . 30 parameter data elements corresponding to a respective one 

Although many storage device manufacturers provide of the plurality of host identifier data elements . The data 
these configurations on storage devices they sell to their storage device further includes a means for receiving a 
customers , problems may arise when such a device is used customer identifier from a host , a means for matching the 
on a different host , or moved to a host system of a different customer identifier to one of the plurality of customer 
OEM customer . In prior approaches , storage devices that are 35 identifier data elements , and a means for modifying a 
used in different hosts , or with different customers , than the controller of the data storage device based on the custom 
drive was originally intended , the quirks and personas did configuration data element corresponding to the one of the 
not match well the host systems . This results in sub - optimal plurality of customer identifier data elements . 
performance , or in some cases , an inability for the storage 
device to operate in the new host system . BRIEF DESCRIPTION OF THE DRAWINGS 
What is needed are systems and methods by which a data 

storage device may obtain information about a host system So that the manner in which the above recited features of 
in to which it is installed , and the customer related to that the present disclosure can be understood in detail , a more 
host system , so that it may self - configure for operation in particular description of the disclosure , briefly summarized 
that host . 45 above , may be had by reference to embodiments , some of 

which are illustrated in the appended drawings . It is to be 
SUMMARY OF THE DISCLOSURE noted , however , that the appended drawings illustrate only 

typical embodiments of this disclosure and are therefore not 
The present disclosure generally relates to systems and to be considered limiting of its scope , for the disclosure may 

methods by which a data storage device may receive data 50 admit to other equally effective embodiments . 
about the host system in which it is installed , and the FIG . 1 is a schematic illustration of a computing system 
customer associated with that system . Based upon this including a host device and a storage device , according to 
received data , the data storage device may modify its native disclosed embodiments . 
operating parameters and custom functions to enable more FIG . 2 is a schematic illustration of a data storage device , 
optimal operation with the host system . 55 according to disclosed embodiments . 

In one embodiment , a data storage device includes a FIG . 3 depicts a host block diagram according to dis 
controller that includes a data storage device operating closed embodiments . 
parameter configured to configure a native function of the FIG . 4 depicts a flow diagram for modifying / customiza 
data storage device , where the controller is configured to tion of a storage device , according to disclosed embodi 
receive a host identifier from a host . The data storage device 60 ments . 
further includes a database that includes a plurality of host FIG . 5 depicts a flow diagram for configuration of a 
identifier data elements and a plurality of device configura- storage device , according to disclosed embodiments . 
tion data elements , where each of the plurality of device FIG . 6 depicts a method for configuration of a storage 
configuration data elements corresponding to a respective device , according to disclosed embodiments . 
one of the plurality of host identifier data elements . The 65 To facilitate understanding , identical reference numerals 
controller is further configured to obtain the host identifier have been used , where possible , to designate identical 
from the host , match the host identifier to one of the plurality elements that are common to the figures . It is contemplated 
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that elements disclosed in one embodiment may be benefi- may conform to one or more standard form factors . Some 
cially utilized on other embodiments without specific reci- example standard form factors include , but are not limited 
tation . to , 3.5 " data storage device ( e.g. , an HDD or SSD ) , 2.5 " data 

storage device , 1.8 " data storage device , peripheral compo 
DETAILED DESCRIPTION 5 nent interconnect ( PCI ) , PCI - extended ( PCI - X ) , PCI 

Express ( PCIe ) ( e.g. , PCIe x1 , x4 , x8 , x16 , PCIe Mini Card , 
In the following , reference is made to embodiments of the MiniPCI , etc. ) . In some examples , the data storage device 

disclosure . However , it should be understood that the dis- 106 may be directly coupled ( e.g. , directly soldered ) to a 
closure is not limited to specific described embodiments . motherboard of the host device 104 . 
Instead , any combination of the following features and 10 The interface 114 of the data storage device 106 may 
elements , whether related to different embodiments or not , is include one or both of a data bus for exchanging data with 
contemplated to implement and practice the disclosure . the host device 104 and a control bus for exchanging 
Furthermore , although embodiments of the disclosure may commands with the host device 104. The interface 114 may 
achieve advantages over other possible solutions and / or over operate in accordance with any suitable protocol . For 
the prior art , whether or not a particular advantage is 15 example , the interface 114 may operate in accordance with 
achieved by a given embodiment is not limiting of the one or more of the following protocols : advanced technol 
disclosure . Thus , the following aspects , features , embodi- ogy attachment ( ATA ) ( e.g. , serial - ATA ( SATA ) and paral 
ments and advantages are merely illustrative and are not lel - ATA ( PATA ) ) , Fibre Channel Protocol ( FCP ) , small 
considered elements or limitations of the appended claims computer system interface ( SCSI ) , serially attached SCSI 
except where explicitly recited in a claim ( s ) . Likewise , 20 ( SAS ) , PCI , and PCIe , non - volatile memory express 
reference to " the disclosure ” shall not be construed as a ( NVMe ) , OpenCAPI , Genz , Cache Coherent Interface 
generalization of any inventive subject matter disclosed Accelerator ( CCIX ) , Open Channel SSD ( OCSSD ) , or the 
herein and shall not be considered to be an element or like . 
limitation of the appended claims except where explicitly The electrical connection of the interface 114 ( e.g. , the 
recited in a claim ( s ) . 25 data bus , the control bus , or both ) is electrically connected 

The present disclosure generally relates to systems and to the controller 108 , providing electrical connection 
methods by which a data storage device may receive data between the host device 104 and the controller 108 , allowing 
about the host system in which it is installed , and the data to be exchanged between the host device 104 and the 
customer associated with that system . Based upon this controller 108. The interface 114 may be a type of connec 
received data , the data storage device may modify its native 30 tion unit to transfer data to the data storage device 106 from 
operating parameters and custom functions to enable more the host device 104 , and vice - versa . Such connection units 
optimal operation with the host system . may be a USB - A connection , a USB - B connection , a mini 
FIG . 1 is a schematic block diagram illustrating a storage USB - A connection , a mini USB - B connection , a micro 

system 100 in which data storage device 106 may function USB - A connection , a micro USB - B connection , a USB - C 
as a storage device for a host device 104 , in accordance with 35 connection , or a lightning connection . The connection unit 
one or more techniques of this disclosure . For instance , the may comprise of several pins with a specialized usage . 
host device 104 may utilize non - volatile memory devices Furthermore , connection units are utilized for various pur 
110 included in data storage device 106 to store and retrieve poses such as isochronous transfers , interrupt transfers , and 
data . The host device 104 comprises a host DRAM 138. In bulk transfers . The term “ bulk transfers ” refers to large 
some examples , the storage system 100 may include a 40 sporadic transfers using all remaining available bandwidth , 
plurality of storage devices , such as the data storage device but with no guarantees on bandwidth or latency . Bulk 
106 , which may operate as a storage array . For instance , the transfers are utilized when transferring files or data through 
storage system 100 may include a plurality of data storage a connection medium such as a USB cable . However , other 
devices 106 configured as a redundant array of inexpensive methods of transferring data are available and the use of the 
independent disks ( RAID ) that collectively function as a 45 term “ USB cable ” is not intended to be limiting . 
mass storage device for the host device 104 . For example , a USB - A connection has 4 pins . Each pin is 

The host device 104 may comprise any of a wide range of utilized for a specific purpose , such as a supply voltage pin , 
devices , including computer servers , network attached stor- a data ( - ) pin , a data ( + ) pin , and a supply voltage ground 
age ( NAS ) units , desktop computers , notebook ( i.e. , laptop ) pin . Other connection units may have more than or less than 
computers , tablet computers , set - top boxes , telephone hand- 50 4 pins and each pin may have a different usage . In some 
sets such as so - called “ smart ” phones , so - called “ smart ” examples , the electrical connection of the interface 114 may 
pads , televisions , cameras , display devices , digital media also permit the data storage device 106 to receive power 
players , video gaming consoles , video streaming device , and from the host device 104. For example , as illustrated in FIG . 
the like . 1 , the power supply 111 may receive power from the host 

The data storage device 106 includes a controller 108 , 55 device 104 via the interface 114 . 
non - volatile memory ( NVM ) 110 , a power supply 111 , The data storage device 106 includes NVM 110 , which 
volatile memory 112 , an interface 114 , and a buffer 116. The may include a plurality of memory devices or memory units . 
controller 108 comprises an internal memory or buffer 116 . NVM 110 may be configured to store and / or retrieve data . 
In some examples , the data storage device 106 may include For instance , a memory unit of NVM 110 may receive data 
additional components not shown in FIG . 1 for sake of 60 and a message from the controller 108 that instructs the 
clarity . For example , the data storage device 106 may memory unit to store the data . Similarly , the memory unit of 
include a printed board ( PB ) to which components of the NVM 110 may receive a message from the controller 108 
data storage device 106 are mechanically attached and that instructs the memory unit to retrieve data . In some 
which includes electrically conductive traces that electri- examples , each of the memory units may be referred to as a 
cally interconnect components of the data storage device 65 die . In some examples , a single physical chip may include a 
106 , or the like . In some examples , the physical dimensions plurality of dies ( i.e. , a plurality of memory units ) . In some 
and connector configurations of the data storage device 106 examples , each memory unit may be configured to store 
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relatively large amounts of data ( e.g. , 128 MB , 256 MB , 512 synchronous dynamic RAM ( SDRAM ( e.g. , DDR1 , DDR2 , 
MB , 1 GB , 2 GB , 4 GB , 8 GB , 16 GB , 32 GB , 64 GB , 128 DDR3 , DDR3L , LPDDR3 , DDR4 , LPDDR4 , and the like ) ) . 
GB , 256 GB , 512 GB , 1 TB , etc. ) . The data storage device 106 includes a controller 108 , 

In some examples , each memory unit of NVM 110 may which may manage one or more operations of the data 
include any type of non - volatile memory devices , such as 5 storage device 106. For instance , the controller 108 may 
flash memory devices , phase - change memory ( PCM ) manage the reading of data from and / or the writing of data 
devices , resistive random - access memory ( ReRAM ) to the NVM 110. In some embodiments , when the data 
devices , magnetoresistive random - access memory ( MRAM ) storage device 106 receives a write command from the host 
devices , ferroelectric random - access memory ( F - RAM ) , device 104 , the controller 108 may initiate a data storage 

10 command to store data to the NVM 110 and monitor the holographic memory devices , and any other type of non 
volatile memory devices . progress of the data storage command . The controller 108 

The NVM 110 may comprise a plurality of flash memory may determine at least one operational characteristic of the 
storage system 100 and store the at least one operational devices or memory units . Flash memory devices may characteristic to the NVM 110. In some embodiments , when include NAND or NOR based flash memory devices , and 15 the data storage device 106 receives a write command from may store data based on a charge contained in a floating gate the host device 104 , the controller 108 temporarily stores the 

of a transistor for each flash memory cell . In NAND flash data associated with the write command in the internal 
memory devices , the flash memory device may be divided memory before sending the data to the NVM 110 . 
into a plurality of blocks which may be divided into a FIG . 2 is a schematic illustration of a data storage device 
plurality of pages . Each block of the plurality of blocks 20 208 , according to one embodiment . Data storage device 208 
within a particular memory device may include a plurality of comprises an interface 202 and a power allocation unit 
NAND cells . Rows of NAND cells may be electrically ( PAU ) 204. The interface 202 may be the interface 114 of 
connected using a word line to define a page of a plurality FIG . 1. The data storage device 208 further comprises an 
of pages . Respective cells in each of the plurality of pages array of memory devices 206A - 206N ( collectively referred 
may be electrically connected to respective bit lines . Fur- 25 to as memory devices 206 ) . The notation “ N ” refers to the 
thermore , NAND flash memory devices may be 2D or 3D last memory device of a plurality of memory devices . 
devices , and may be single level cell ( SLC ) , multi - level cell Furthermore , the memory devices 206 may be the non 
( MLC ) , triple level cell ( TLC ) , or quad level cell ( QLC ) . The volatile memory 110 of FIG . 1 or an NVMe storage device . 
controller 108 may write data to and read data from NAND Each of the memory devices 206A - 206N may be configured 
flash memory devices at the page level and erase data from 30 to store relatively large amounts of data ( e.g. , 128 MB , 256 
NAND flash memory devices at the block level . MB , 512 MB , 1 GB , 2 GB , 4 GB , 8 GB , 16 GB , 32 GB , 64 

The data storage device 106 includes a power supply 111 , GB , 128 GB , 256 GB , 512 GB , 1 TB , etc. ) . However , the 
which may provide power to one or more components of the listed data storage size of the memory devices is not 
data storage device 106. When operating in a standard mode , intended to be limiting nor restricting . Furthermore , in one 
the power supply 111 may provide power to the one or more 35 embodiment , memory devices 206A - 206N are the same type 
components using power provided by an external device , and have the same data storage sizes . In another embodi 
such as the host device 104. For instance , the power supply ment , memory devices 206A - 206N are different types but 
111 may provide power to the one or more components using have the same data storage sizes . In yet another embodi 
power received from the host device 104 via the interface ment , memory devices 206A - 206N are different types and 
114. In some examples , the power supply 111 may include 40 have different data storage sizes . 
one or more power storage components configured to pro- The power allocation unit 204 may be coupled with a 
vide power to the one or more components when operating controller ( not shown ) , such as the controller 108 of FIG . 1 . 
in a shutdown mode , such as where power ceases to be The PAU 204 appropriates power received from the host 
received from the external device . In this way , the power device , such as the host device 104 of FIG . 1 , to each of the 
supply 111 may function as an onboard backup power 45 memory devices 206. The controller 108 may determine the 
source . Some examples of the one or more power storage appropriate power state of each memory device 206A - 206N , 
components include , but are not limited to , capacitors , super and the PAU 204 provides the corresponding power to each 
capacitors , batteries , and the like . In some examples , the memory device 206A - 206N . 
amount of power that may be stored by the one or more The host device 104 may provide a suitable amount of 
power storage components may be a function of the cost 50 power to the data storage device 208 through one or more 
and / or the size ( e.g. , area / volume ) of the one or more power pins on the interface 202. The suitable amount of power may 
storage components . In other words , as the amount of power be more than or equal to the amount of power the data 
stored by the one or more power storage components storage device 208 requires to operate . For example , the 
increases , the cost and / or the size of the one or more power power a data storage device 208 may receive from the host 
storage components also increases . 55 device 104 may be about 5 W. Furthermore , a data storage 

The data storage device 106 also includes volatile device 208 may draw out about 500 mW to about 15W of 
memory 112 , which may be used by controller 108 to store power from the host device 104. The previously mentioned 
information . Volatile memory 112 may be comprised of one values for power are not intended to be limiting , but to 
or more volatile memory devices . In some examples , the provide a reference . 
controller 108 may use volatile memory 112 as a cache . For 60 A memory device 206A - 206N may have several power 
instance , the controller 108 may store cached information in states ( PS ) . For example , a memory device 206A - 206N may 
volatile memory 112 until cached information is written to have the following 5 power states : PSO , PS1 , PS2 , PS3 , and 
non - volatile memory 110. As illustrated in FIG . 1 , volatile PS4 . Each of the power states are associated with a distinct 
memory 112 may consume power received from the power data storage device 208 operation . Power states PSO , PS1 , 
supply 111. Examples of volatile memory 112 include , but 65 and PS2 are considered operational power states , utilizing 
are not limited to , random - access memory ( RAM ) , dynamic about 1 W to about 8 W of power , whereas power states PS3 
random access memory ( DRAM ) , static RAM ( SRAM ) , and and PS4 are considered non - operational power states , uti 
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lizing about 2 mW to about 50 mW of power . An operational connection and associates each host with their respective 
power state refers to the ability of a host device , such as the host ID . However , if a connection is made between 
host device 104 of FIG . 1 , to communicate with a memory host ( e.g. , no previous connections between the host and the 
device 206A - 206N of a data storage device 208 . storage device ) , the controller 304 assigns a new host ID 

Power states are numbered sequentially , where higher 5 ( e.g. , a host ID that has not been assigned ) to the new host . 
numbers represent lower power requirements and corre- Furthermore , when the controller 304 receives the customer 
sponding higher exit latencies . Furthermore , each power identification signal 310 , the controller 304 is able to deter 
state has an associated power requirement and an exit mine customer specifications for the controller internal 
latency . PSO may require 4.5 W with the lowest exit latency . parameter configuration . In one embodiment , the one or 
PS1 may require less power than PSO , such as 3 W , and may 10 more hosts are associated with one customer . In another 
have an exit latency equal to or higher than the exit latency embodiment , the one or more hosts are each associated with 
of PSO . PS2 may require less power than PS1 and may have one or more customers . In yet another embodiment , any 
an exit latency equal to or higher than the exit latency of number of the one or more hosts are each associated with 
PS1 . PS3 may require less power than PS2 and may have one or more customers . 
exit latency equal to or higher than the exit latency of PS2 . 15 The controller 304 includes a database 306 , where the 
PS4 may require less power than PS3 , such as 5 mW , and database 306 includes a configuration table . The configura 
may have an exit latency equal to or higher than the exit tion table includes each host ID for and the host parameters 
latency of PS3 , such as 50 mW . The values for the power associated with each host ID . The host parameter table 
states and exit latencies are not intended to be limiting , but below illustrates an example of the host parameters . The 
to provide an example of possible embodiments . 20 listed host parameters in the host parameter table below are 

PSO is referred to as a full operational state , where I / O not intended to be limiting , but to provide an example of a 
commands are enabled and the device may generate inter possible embodiment . 
rupts . Interrupts in this context are a signal to the host that 
commands have been completed . Furthermore , power states 
PS1 , PS2 , PS3 , and PS4 are considered low power states . 25 
Power states PS1 and PS2 are also operational states , 

Definition however , PS1 and PS2 may have a lower functionality than 
that of PSO . Power states PS3 and PS4 are non - operational Host System Processor Model : The model of the CPU as a UTF - 8 
states have a power requirement less than that of the string . 
operational power states . Furthermore , memory devices 206 30 08h Host Chipset Driver Version : The chipset driver version as a UTF - 8 string . not used are placed in a non - operational power state PS4 to 09h Host Operating System Name and Build : The operating system name limit the idle power consumption to a minimal value . and build as a UTF - 8 string . 

In order for I / O commands memory device Host System Product Name : The system product name as a UTF - 8 
206A - 206N is woken up and placed into power state PSO . string . 

OBh Host Firmware Version : The host firmware ( e.g. , UEFI ) version as a The controller , such as the controller 108 of FIG . 1 , utilizes 35 UTF - 8 string . the PAU 204 to change the power state of a memory device Operating System Driver Filename : The operating system driver 
206A - 206N from PSO a different power state dependent on filename as a UTF - 8 string . 
the situation and on host commands . However , the controller ODh Display Driver Name : The display driver name as a UTF - 8 string . 
108 is able to utilize the PAU 204 to allocate the appropriate OEh Display Driver Version : The display driver version as a UTF - 8 string . 
amount of power to place all power states PS1 , PS2 , PS3 , 40 
and PS4 into power state PSO when a full operational state When the host 302 and the storage device are connected 
is required . via a connection unit , the controller 304 accesses the data 
FIG . 3 depicts a system block diagram 300 according to base 306 to access the relevant data associated with the host . 

disclosed embodiments . The system block diagram 300 An example of the configuration table of the database 306 is 
includes a host 302 and a controller 304 of storage device , 45 shown in the configuration table below . The configuration 
such as the storage device 106 of FIG . 1. The host 302 may table may include portions of the host parameter table 
be connected to the interface , such as the interface 114 of discussed above as well as other applicable options . Fur 
FIG . 1 , of the storage device via a connection unit . The thermore , the configuration table may have any number of 
connection unit facilitates the transfer of data , such as read columns , where the order of the columns ( e.g. , parameters ) 
or write commands , and / or power between the host 302 and 50 may be different in other embodiments . 
the storage device . The controller 304 receives the data from 
the host 302 and provisions system processing power to 
complete the host requests . Configuration Table 
When the host 302 is connected to the storage device via LO - L1 THR Thermal THR the connection unit , a host identification signal 308 and a 55 

customer identification signal 310 is sent to the controller 100 ?S 
10 ms 304. In embodiments , the customer identification signal may 

be one or more of a manufacturer name , an asset tag , a host 
serial number or model number , or a vendor - defined unique 
value which identifies the customer . The storage device may 60 In embodiments , the configuration table may include the 
be connected to different host , such that the controller 304 above - indicated parameters and / or any one or more of 
assigns a host ID to each individual host . For example , the vendor unique opcodes , max power in PSO , vendor unique 
host 302 of the system block diagram 300 may be assigned log codes , enablement of optional PCIe features , critical 
the host ID A by the controller 304. If the storage device is temperatures , shut down temperatures , NVMe command 
disconnected from the host 302 and connected to a second 65 timeouts , and / or host memory buffer size ( e.g. , max size ) . 
host , the controller 304 may assign the host ID B to the In FIG . 3 , when host 302 and the storage device have 
second host . The controller 304 recognizes each previous established a link , the controller 304 fetches the relevant 
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entry associated with the host ID A from the database 306 . B. If the storage device is transferred back to the host A , the 
After fetching the relevant entry , the controller 304 deter- controller , after the host identification signal is sent , fetches 
mines a customer - based configuration 312 and a host - based the relevant entry for the host A host ID in the configuration 
configuration 314 based on the parameters listed for the host table of the database . The host ID A entry includes the quirks 
302. The customer - based configuration 312 and the host- 5 and persona for the host A. The internal parameters of the 
based configuration 314 may include one or more quirks , controller are configured to match the quirks and the persona 
where each quirk is a workaround to address known issues of the relevant host ID entry . The controller may have logic in a specific environment . The combination of one or more to refrain from utilizing a persona that is not relevant to the quirks may be unique to a specific host , such as the host 302 . host ( e.g. , the host and the persona are mismatched ) . The controller configuration to accommodate a quirk may be 10 FIG . 5 depicts a flow diagram 500 for configuration of a a particular setting that is a native to the device . 

For example , a customer device ( e.g. , host ) may have a storage device , according to disclosed embodiments . The 
requirement that a specific NVMe identification field be storage device may be the storage device 106 of FIG . 1 
empty in the controller responses to the identify controller and / or the storage device 208 of FIG . 2. At block 502 , the 
command , since this field is expected to remain empty in 15 connection between the host , such as the host 302 of FIG . 3 , 
that host environment . In another example , the security and the controller , such as the controller 304 of FIG . 3 , of the 
functionality of the storage device is intentionally disabled storage device is initiated . At block 504 , the host is identified 
when attached to a specific customer device . In the descrip via a host identification signal , such as the host identification 
tions herein , the customer device is referred to as the host for signal 308 of FIG . 3. The controller accesses the internal 
exemplary purposes , such that the host is the host 302 of the 20 database , such as the database 306 of FIG . 3 , to fetch the 
system block diagram 300 . relevant entry for the host ID associated with the host . The 

Unlike quirks , a persona is a non - native function or a host identification may also include information from the 
custom function for the device , such as an additional added host parameter table of FIG . 3 . 
feature . An example of a persona may include a variety of At block 506 , the internal parameters of the controller are 
features , such as the optional PCIe power loss notification 25 configured based relevant host ID entry , such that the 
feature , optional NVMe log pages , QoS ( performance and controller is optimized for the persona associated with the 
trade - off ) , thermal thresholds , timeout values , low power host . At block 508 , the configuration table of the database is 
timings , custom configurations , and possible workarounds . optimized based on the host configuration . The optimization 
The listed features are not intended to be limiting , but to of the relevant entry for host may be done by artificial 
provide an example of an embodiment . It is contemplated 30 intelligence ( AI ) or simplified machine learning . At block 
that other features not listed may be applicable to a persona . 510 , the configuration table is updated with the optimized 
The features listed above may be specific to one or more results from the process at block 508. If the host and / or the 
hosts . storage device powers down or sets at block 512 , the 

The internal parameters of the controller 304 are config- process restarts at block 502 with the initialization of the 
ured based on the quirks and the persona . The customer- 35 connection between the host and the storage device . How 
based configuration 312 is a controller configuration speci- ever , if the host and the storage device both do not power 
fied by the customer and the host - based configuration 314 is down or reset at block 512 , the configuration table is further 
a controller configuration unique to the host device , where optimized at block 508 and updated at block 510 . 
the host - based configuration 314 includes parameters that FIG . 6 depicts a method 600 for configuration of a storage 
satisfy the customer - based configuration 312 requirements . 40 device , according to disclosed embodiments . The storage 
FIG . 4 depicts a flow diagram 400 for modification / device may be the storage device 106 of FIG . 1 and / or the 

customization of a storage device , according to disclosed storage device 208 of FIG . 2. At block 602 , the controller , 
embodiments . The storage device may be the storage device such as the controller 304 of FIG . 3 , includes a database , 
106 of Figure and / or the storage device 208 of FIG . 2. At such as the database 306 of FIG . 3 , to include one or more 
block 402 , the storage device is unprovisioned , such that the 45 customer identifier data elements and one or more custom 
configuration table of the database , such as the database 306 configurations , where each configuration is a persona that 
of FIG . 3 , does not have any entries . In one embodiment , the includes one or more quirks . The one or more customer 
configuration table is empty . In another embodiment , the identifier elements correspond to one custom configuration 
configuration table includes entries ; however , the entries are of the one or more custom configurations . For example , the 
for non - relevant configurations . At block 404 , the controller , 50 custom configuration associated with a host ID A is associ 
such as the controller 304 of FIG . 3 , of the storage device is ated with only the host A ( e.g. , a customer A ) . 
configured using a generic persona or a native persona . At block 604 , the storage device receives a host identi 

At block 406 , a first host , host A , is connected to the fication signal , such that the host identification signal 
storage device via a connection unit . The host A sends includes the customer identifier . The controller utilizes the 
metadata that includes host A identifiers to the controller of 55 customer identifier to identify which custom configuration 
the storage device . The host A identifiers are stored in the will be applied to the controller at block 606. At block 608 , 
configuration table of the database . At block 408 , the inter- the configuration table is updated with the custom configu 
nal parameters of the controller are configured to match the ration associated with the customer identifier for any cus 
quirks and the persona of the Host A. tomer identifier data elements missing or outdated . 

At block 410 , the storage device is transferred to a second 60 By including a database that includes a configuration table 
host , host B. At block 412 , the host B sends metadata that that stores and updates the information for each host con 
includes host B identifiers to the controller of the storage nection , the controller is able to fetch the relevant persona 
device . The host B identifiers are stored in the configuration and configure the internal parameters of the controller to 
table of the database . The configuration table of the database match the host specifications . Thus , the stability , the perfor 
includes both host A identifiers and host B identifiers . At 65 mance , the endurance , and the interoperability of the storage 
block 414 , the internal parameters of the controller are device is improved when the storage device is reused 
configured to match the quirks and the persona of the host between one or more hosts . 
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In one embodiment , a data storage device includes a further configured to receive a host identifier from the host . 
controller that includes a data storage device operating The database further includes a plurality of host identifier 
parameter configured to configure a native function of the data elements and a plurality of device configuration data 
data storage device , where the controller is configured to elements , where each of the plurality of device configuration 
receive a host identifier from a host . The data storage device 5 data elements corresponding to a respective one of the 
further includes a database that includes a plurality of host plurality of host identifier data elements . The controller is identifier data elements and a plurality of device configura further configured to obtain the host identifier , match the 
tion data elements , where each of the plurality of device host identifier to one of the plurality of host identifier data configuration data elements corresponding to a respective elements , and write the corresponding one of the device one of the plurality of host identifier data elements . The 10 configuration data elements to the data storage device oper controller is further configured to obtain the host identifier 
from the host , match the host identifier to one of the plurality ating parameter . The host identifier includes the customer 
of host identifier data elements , and write a corresponding identifier . The controller is further configured to refrain from 
one of the plurality of device configuration data elements to matching a second customer identifier to one of the plurality 
the data storage device operating parameter . of custom configuration data elements if the second cus 

The controller is further configured to obtain a second tomer identifier is different from the customer identifier . The 
host identifier from a second host , match the second host controller is further configured to write a default non - native 
identifier to one of the plurality of host identifier data configuration data element to the custom configuration 
elements , and write a corresponding one of the plurality of memory if the second customer identifier is different from 
device configuration data elements to the data storage device 20 the customer identifier . The controller is configured to obtain 
operating parameter . The controller includes a custom func- the customer identifier after a power down of the host . The 
tion memory configured to define a non - native function of controller is further configured to match a second host 
the data storage device . The database further includes a identifier to one of the plurality of device configuration data 
plurality of customer identifier data elements and a plurality elements if the second host identifier is different from the 
of custom configuration data elements , where each of the 25 host identifier . 
plurality of custom configuration data elements correspond- In another embodiment , a data storage device includes a 
ing to a respective one of the plurality of customer identifier data base that includes a plurality of host identifier data 
data elements . The controller is further configured to obtain elements , a plurality of customer identifier data elements , a 
the customer identifier , match the customer identifier to one plurality of custom configuration data elements , each of the 
of the plurality of customer identifier data elements , and 30 plurality of custom configuration data elements correspond 
write the corresponding one of the custom configuration data ing to a respective one of the plurality of customer identifier 
elements to the custom function memory . The host identifier data elements , and a plurality of operating parameter con 
is comprised of the customer identifier . The controller is figuration data ents , each of the plurality of operating 
configured to refrain from obtaining the host identifier after parameter data elements corresponding to a respective one 
a power down of the host . The controller is further config- 35 of the plurality of host identifier data elements . The data 
ured to refrain from matching a second customer identifier storage device further includes a means for receiving a 
to one of the plurality of custom configuration data elements customer identifier from a host , a means for matching the 
if the second customer identifier is different from the cus- customer identifier to one of the plurality of customer 
tomer identifier . The controller is further configured to identifier data elements , and a means for modifying a 
match a second customer identifier to one of the plurality of 40 controller of the data storage device based on the custom 
custom configuration data elements if the second customer configuration data element corresponding to the one of the 
identifier is different from the customer identifier . plurality of customer identifier data elements . 

In another embodiment , a data storage device includes a The data storage device further includes a means for 
controller that includes a custom configuration memory receiving a host identifier from the host , a means for 
configured to configure non - native functionality of the data 45 matching the host identifier to one of the plurality of host 
storage device , where the controller is configured to receive identifier data elements , and a means for modifying the 
a customer identifier from a host . The data storage device controller based on the operating parameter configuration 
further includes a database that includes a plurality of data element corresponding to the one of the plurality of host 
customer identifier data elements and a plurality of custom identifier data elements . The data storage device also 
configuration data elements defining non - native functional- 50 includes a means for receiving a second host identifier , a 
ity of the data storage device , where each of the plurality of means for matching the second host identifier to one of the 
custom configuration data elements corresponding to a plurality of host identifier data elements , and a means for 
respective one of the plurality of customer identifier data modifying the controller based on the second operating 
elements . The controller is further configured to obtain the parameter configuration data element corresponding to the 
customer identifier from the host , match the customer iden- 55 one of the plurality of host identifier data elements . The data 
tifier to one of the plurality of customer identifier data storage device further includes a means for receiving a 
elements , and write a corresponding one of the plurality of second customer identifier , a means for matching the second 
non - native configuration data elements to the custom con- customer identifier to one of the plurality of customer 
figuration memory . identifier data elements , and a means for modifying the 

The controller is further configured to obtain a second 60 controller based on a second custom configuration data 
customer identifier from a second host , match the second element corresponding to the one of the plurality of cus 
customer identifier to one of the plurality of host identifier tomer identifier data elements . One of the host identifier and 
data elements , and write a corresponding one of the plurality the second host identifier includes one of a processor model , 
of non - native configuration data elements to the custom a chipset driver version , a product name , a firmware version , 
configuration memory . The controller includes a data storage 65 and a display driver version . 
device operating parameter configured to configure a native While the foregoing is directed to embodiments of the 
function of the data storage device , where the controller present disclosure , other and further embodiments of the 
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disclosure may be devised without departing from the basic the data storage device , and a custom function memory 
scope thereof , and the scope thereof is determined by the configured to define a non - native function of the data 
claims that follow . storage device , wherein the controller is configured is 
What is claimed is : to receive a host identifier from a host ; 
1. A data storage device , comprising : a database comprising : 
a controller comprising a data storage device operating a plurality of host identifier data elements ; 

parameter configured to configure a native function of a plurality of device configuration data elements , each 
the data storage device , the controller configured to of the plurality of device configuration data elements 
receive a host identifier from a host ; and corresponding to a respective one of the plurality of 

a database comprising : host identifier data elements ; and 
a plurality of host identifier data elements ; and a plurality of customer identifier data elements and a 
a plurality of device configuration data elements , each plurality of custom configuration data elements , each 

of the plurality of device configuration data elements of the plurality of custom configuration data ele 
corresponding to a respective one of the plurality of ments corresponding to a respective one of the 
host identifier data elements ; and plurality of customer identifier data elements ; and 

wherein the controller is further configured to : wherein the controller is further configured to obtain the 
obtain the host identifier from the host ; host identifier from the host , match the host identifier to 
match the host identifier to one of the plurality of host one of the plurality of host identifier data elements , 

identifier data elements ; write a corresponding one of the plurality of device 
write a corresponding one of the plurality of device 20 configuration data elements to the data storage device 

configuration data elements to the data storage operating parameter , obtain the customer identifier , 
device operating parameters ; match the customer identifier to one of the plurality of 

modify the data storage device operating parameter to customer identifier data elements , write the correspond 
match a quirk and a persona corresponding to the ing one of the custom configuration data elements to 
host , wherein the quirk corresponds to the native 25 the custom function memory , and refrain from match 
function of the data storage device and the persona ing a second customer identifier to one of the plurality 
corresponds to a non - native function of the data of custom configuration data elements if the second 
storage device , and wherein the non - native function customer identifier is different from the customer iden 
is at least one of an optional PCIe power loss tifier . 
notification feature , an optional NVMe log pages 30 7. A data storage device , comprising : 
feature , a QoS feature , a thermal thresholds feature , a controller comprising a data storage device operating 
a timeout values feature , and a low power timings parameter configured to configure a native function of 
feature ; the data storage device , and a custom function memory 

update a first device configuration data element of the configured to define a non - native function of the data 
plurality of device configuration data elements based 35 storage device , wherein the controller is configured is 
on the quirk and the persona corresponding to the to receive a host identifier from a host ; 
host ; and a database comprising : 

operate the data storage device based on the modified a plurality of host identifier data elements ; 
data storage device operating parameter . a plurality of device configuration data elements , each 

2. The data storage device of claim 1 , wherein the 40 of the plurality of device configuration data elements 
controller is further configured to obtain a second host corresponding to a respective one of the plurality of 
identifier from a second host , match the second host iden host identifier data elements ; and 
tifier to one of the plurality of host identifier data elements , a plurality of customer identifier data elements and a 
and write a corresponding one of the plurality of device plurality of custom configuration data elements , each 
configuration data elements to the data storage device oper- 45 of the plurality of custom configuration data ele 
ating parameter . ments corresponding to a respective one of the 

3. The data storage device of claim 1 , wherein the plurality of customer identifier data elements ; and 
controller comprises a custom function memory configured wherein the controller is further configured to obtain the 
to define a non - native function of the data storage device ; host identifier from the host , match the host identifier to 
wherein the database further comprises a plurality of cus- 50 one of the plurality of host identifier data elements , 
tomer identifier data elements and a plurality of custom write a corresponding one of the plurality of device 
configuration data elements , each of the plurality of custom configuration data elements to the data storage device 
configuration data elements corresponding to a respective operating parameter , obtain the customer identifier , 
one of the plurality of customer identifier data elements ; and match the customer identifier to one of the plurality of 
wherein the controller is further configured to obtain the 55 customer identifier data elements , write the correspond 
customer identifier , match the customer identifier to one of ing one of the custom configuration data elements to 
the plurality of customer identifier data elements , and write the custom function memory , and match a second 
the corresponding one of the custom configuration data customer identifier to one of the plurality of custom 
elements to the custom function memory . configuration data elements if the second customer 

4. The data storage device of claim 3 , wherein the host 60 identifier is different from the customer identifier . 
identifier is comprised of the customer identifier . 8. A data storage device , comprising : 

5. The data storage device of claim 4 , wherein the a controller comprising a custom configuration memory 
controller is configured to refrain from obtaining the host configured to configure non - native functionality of the 
identifier after a power down of the host . data storage device , the controller configured to receive 

6. A data storage device , comprising : a customer identifier from a host ; and 
a controller comprising a data storage device operating a database comprising : 

parameter configured to configure a native function of a plurality of customer identifier data elements , and 

a 

65 



5 

2 

US 11,500,559 B2 
15 16 

a plurality of custom configuration data elements defin identifier to one of the plurality of customer identifier 
ing non - native functionality of the data storage data elements , write a corresponding one of the plural 
device , each of the plurality of custom configuration ity of custom configuration data elements to the custom 
data elements corresponding to a respective one of configuration memory ; and refrain from matching a 
the plurality of customer identifier data elements ; second customer identifier to one of the plurality of 

wherein the controller is further configured to : custom configuration data elements if the second cus 
obtain the customer identifier from the host , match the tomer identifier is different from the customer identi 

customer identifier to one of the plurality of cus fier . 
tomer identifier data elements ; 13. The data storage device of claim 12 , wherein the 

write a corresponding one of the plurality of custom 10 controller is further configured to write a default non - native 
configuration data elements to the custom configu- configuration data element to the custom configuration 
ration memory ; memory if the second customer identifier is different from 

modify the data storage device operating parameter to the customer identifier . 
match a quirk and a persona corresponding to the 14. The data storage device of claim 13 , wherein the 
host , wherein the quirk corresponds to the native 15 controller is configured to obtain the customer identifier 
function of the data storage device and the persona after a power down of the host . 
corresponds to a non - native function of the data 15. The data storage device of claim 12 , wherein the 
storage device , and wherein the non - native function controller is further configured to match a second host 
is at least one of an optional PCIe power loss identifier to one of a plurality of device configuration data 
notification feature , an optional NVMe log pages 20 elements if the second host identifier is different from the 
feature , a QoS feature , a thermal thresholds feature , host identifier . 
a timeout values feature , and a low power timings 16. A data storage device , comprising : 
feature ; a database means comprising : 

update a first custom configuration data element of the a plurality of host identifier data elements ; 
plurality of custom configuration data elements 25 a plurality of customer identifier data elements ; 
based on the quirk and the persona corresponding to a plurality of custom configuration data elements , each 
the host ; and of the plurality of custom configuration data ele 

operate the data storage device based on the modified ments corresponding to a respective one of the 
data storage device operating parameter . plurality of customer identifier data elements ; and 

9. The data storage device of claim 8 , wherein the 30 a plurality of operating parameter configuration data 
controller is further configured to obtain a second customer elements , each of the plurality of operating param 
identifier from a second host , match the second customer eter data elements corresponding to a respective one 
identifier to one of the plurality of customer identifier data of the plurality of host identifier data elements ; 
elements , and write a corresponding one of the plurality of a means for receiving a customer identifier from a host ; 
custom configuration data elements to the custom configu- 35 a means for matching the customer identifier to one of the 
ration memory . plurality of customer identifier data elements ; 

10. The data storage device of claim 8 , wherein the a means for modifying a controller of the data storage 
controller comprises a data storage device operating param device to match a quirk and persona corresponding to 
eter configured to configure a native function of the data the host based on the custom configuration data ele 
storage device , the controller further configured to receive a 40 ment corresponding to the one of the plurality of 
host identifier from the host ; wherein the database further customer identifier data elements , wherein the quirk 
comprises a plurality of host identifier data elements and a corresponds to the native function of the data storage 
plurality of device configuration data elements , each of the device and the persona corresponds to a non - native 
plurality of device configuration data elements correspond function of the data storage device , and wherein the 
ing to a respective one of the plurality of host identifier data 45 non - native function is at least one of an optional PCIe 
elements ; and wherein the controller is further configured to power loss notification feature , an optional NVMe log 
obtain the host identifier , match the host identifier to one of pages feature , a QoS feature , a thermal thresholds 
the plurality of host identifier data elements , and write the feature , a timeout values feature , and a low power 
corresponding one of the device configuration data elements timings feature ; 
to the data storage device operating parameter . a means for updating a first custom configuration data 

11. The data storage device of claim 10 , wherein the host element of the plurality of custom configuration data 
identifier is comprised of the customer identifier . elements based on the quirk and the persona corre 

12. A data storage device , comprising : sponding to the host ; and 
a controller comprising a custom configuration memory a means for operating the data storage device based on the 

configured to configure non - native functionality of the 55 means for modifying . 
data storage device , the controller configured to receive 17. The data storage device of claim 16 , further compris 
a customer identifier from a host ; ing : 

a database comprising : a means for receiving a host identifier from the host ; 
a plurality of customer identifier data elements , and a means for matching the host identifier to one of the 
a plurality of custom configuration data elements defin- 60 plurality of host identifier data elements ; and 

ing non - native functionality of the data storage a means for modifying the controller based on the oper 
device , each of the plurality of custom configuration ating parameter configuration data element correspond 
data elements corresponding to a respective one of ing to the one of the plurality of host identifier data 
the plurality of customer identifier data elements ; elements . 
and 18. The data storage device of claim 17 , further compris 

wherein the controller is further configured to obtain the ing : 
customer identifier from the host , match the customer a means for receiving a second host identifier ; 
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a means for matching the second host identifier to one of 

the plurality of host identifier data elements ; and 
a means for modifying the controller based on the oper 

ating parameter configuration data element correspond 
ing to the one of the plurality of host identifier data 5 
elements . 

19. The data storage device of claim 18 , further compris 
ing : 

a means for receiving a second customer identifier ; 
a means for matching the second customer identifier to 10 

one of the plurality of customer identifier data ele 
ments ; and 

a means for modifying the controller based on a second 
custom configuration data element corresponding to the 
one of the plurality of customer identifier data ele- 15 
ments . 

20. The data storage device of claim 19 , wherein one of 
the host identifier and the second host identifier comprises 
one of a processor model , a chipset driver version , a product 
name , a firmware version , and a display driver version . 
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